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a b s t r a c t

The aim of this work was to study the sorption and transport of different water–alcohol solutions
(methanol, ethanol, 1-propanol and 2-propanol solutions) when a Nafion 117 membrane is separating
them. It was observed that methanol permeability remains constant when varying the composition of
the mixture. However, the permeability for the other alcohol solutions decreases from alcohol concentra-
tions that are different for each alcohol. In addition, it was aimed to compare the behavior of membranes
with different morphologies when they were separating water and water–alcohol solutions. Nafion 117
membrane and two sulfonated cation-exchange membranes (CR65-AZL-412 and MK-40) were used.
embrane transport
ermeability
iquid uptake

Measurements of sorption and liquid transport were made using methanol and ethanol solutions. The
uptake values for Nafion 117 membrane were higher than those obtained for CR65-AZL-412 and MK-40
membranes. The results reveal that, in contrast to Nafion membrane, a non-negligible water flux through
CR65-AZL-412 and MK-40 membranes was observed along with the alcohol diffusion through them. For
these two latter membranes the permeability could not be calculated since the alcohol diffusion is not

that
0 wer
the only physical process
CR65-AZL-412 and MK-4

. Introduction

One of the most used ion-exchange membranes in analytical
hemistry and in industry is Nafion membrane. The wide-ranging
pplications of this membrane are due to its excellent properties,
s can be good water ion exchange, high electrical conductivity,
xcellent thermal and chemical stability and low gas permeabil-
ty. Attending to these properties, Nafion membrane has one of its

ain uses in direct methanol fuel cell (DMFC), where it is com-
only used as electrolyte. DMFC is hindered by methanol diffusion

rom anode to cathode side through the polymer electrolyte mem-
rane [1–5], but this is not the only difficulty that has been found
ut also the slow kinetic of the oxidation reaction of methanol at
he anode [6]. To overcome these problems some different solu-
ions have been proposed. One of the solutions has been to replace

ethanol by other alcohols, mainly ethanol [7,8]. Although direct
thanol fuel cells (DEFCs) present some advantages over DMFC,
igher energy density and non-toxicity, the diffusion of the alco-

ol through the membrane is not avoided. It seems clear that
he understanding of the alcohol crossover through the mem-
rane should be one of the major issues at the study of Nafion
17. This is one of the aims of the present work. To address

∗ Corresponding author. Tel.: +34 913945191; fax: +34 913945191.
E-mail address: m.paz.godino@fis.ucm.es (M.P. Godino).
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should be considered. In spite of it, the alcohol and water fluxes through
e estimated; turning out that the water flux was higher than alcohol flux.

© 2010 Elsevier B.V. All rights reserved.

it, we study the sorption and the permeation characteristics of
different alcohols when a Nafion membrane is separating water
and water–alcohol solutions. They have been using methanol and
ethanol water solutions because they are the most employed with
the Nafion membrane. But they have been also added 1-propanol
and 2-propanol solutions to the study because their physical and
chemical properties are different enough to those of methanol
and ethanol solutions and have been less used with this mem-
brane.

Not only Nafion but also other ion-exchange membranes are
extensively used in an important number of processes in chemi-
cal and biochemical industry. Up to now, these transport processes
in ion-exchange membranes were mainly developed in aqueous
media. However the use of this kind of membranes in hydro-organic
media allows the opening of new and important applications,
which demand the development of new ion-exchange membrane
solving the important technical and commercial limitations of the
current ion-exchange membranes [9–12]. This is an important
research domain, which involves the study of the influence of the
membrane morphology in the transport coefficient in this kind
of media. The membranes can be classified attending to different

aspects, one of them is their structure. According to this aspect, ion-
exchange membranes are divided into two major categories, the
first one comprises homogeneous membranes that are polymers
with ion-exchange groups bound to the polymer backbone. The
second one consists of heterogeneous membranes that are neutral

dx.doi.org/10.1016/j.cej.2010.06.013
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:m.paz.godino@fis.ucm.es
dx.doi.org/10.1016/j.cej.2010.06.013
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Table 1
Membranes characteristics: thickness (Th), maximum water uptake (MWU) and
ion-exchange capacity (IEC).

Th (�m) MWU (%) IEC (mequiv./g)

Nafion 117 183 35 0.941
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Table 2
Physical and chemical properties of water, methanol, ethanol, 1-propanol and 2-
propanol at 25 ◦C and 105 Pa. Density (�), viscosity (�) and molar mass (M).

� (g/cm3) � (mPa s) M (g/mol)

Water 0.9970 0.890 18

ance (Sartorius BL3100 model) so the mass changes as a function
MK-40 510 40 2.60
CR65-ALZ-412 570 43 2.1

olymer matrices randomly filled with micron size ion-exchange
articles.

The structural differences are responsible for different behav-
ors under the same conditions. In a previous paper [13] liquid
ptake and permeation fluxes as a function of the applied pres-
ure difference were reported. It was obtained that both, the liquid
ptake and the permeation show an important dependence on the
tructure of the ion-exchange membrane. In order to achieve a
etter understanding of the influence of the membrane morphol-
gy on the factors controlling sorption and permeability, different
ation-exchange membranes separating water and water–alcohol
olutions have been investigated. Two different alcohols, methanol
nd ethanol, and three sulfonated cation-exchange membranes of
ifferent structures have been selected. Nafion 117 is chosen as its
ignificant use for direct fuel cell, and CR65-AZL-412 and MK-40 as
eing reference membranes for electrodialysis.

. Experimental part

.1. Membranes and materials

The first kind of membrane used was a Nafion 117 (Nafion)
roduced by Dupont Inc., and its nominal equivalent weight is
.1 kg/equiv. Prior to testing, the Nafion membrane was introduced

n a 0.25 M HCl solution during 48 h, at room temperature, for
ts complete conversion to an H+ form. Then, the membrane was

ashed with deionized bidistilled water. The properties and mor-
hology of Nafion membrane have been at length studied in the

iterature [14,15]. Based on these studies, it is known that the mem-
rane consists of a matrix (polytetrafluoroethylene backbone) and
egularly spaced perfluorovinylether side chains ending in sulfonic
cid groups. It has been proposed that the membrane would be
nderstood as hydrophilic areas made up of the sulfonic acid groups
lustered in spherical domains (4–5 nm) connected by channels to
hydrophobic perfluorocarbon matrix.

The cation-exchange membrane MK-40 (MK40) produced by
AO ShchekinoAzort is a heterogeneous membrane with sulfonic
roups as fixes sites. According to the data provided by the man-
facturer, the cross-linking degree of the membrane is 8%. This
embrane was used as received without any previous treatment.

n accordance with the literature [16], these membranes consist
f ion-exchange particles (sulfonated groups chemically attached
o polystyrene/divinylbenzene copolymer chains) dispersed in the
olymer matrix. The membrane surface areas corresponding to the
xit of ion-exchange resin particles have linear dimensions within
he range from 10 to 30 �m.

CR65-ALZ-412 membrane (CR65) produced by Ionics Inc. is a
ype web supported styrene-divinylbenzene (DVB)-based mem-
rane with sulfonic acid functional groups. In the membrane
anufacture, styrene and DVB are copolymerized using an initiator

BPO) to get a homogeneous viscous polymer solution. Attending
o the data provided by the manufacturer, the membrane is mainly

ydrophilic. CR65 was used without any previous treatment.

The thickness, maximum water uptake and ion-exchange capac-
ty, given for the manufacturer, for the three membranes are shown
n Table 1.
Methanol 0.7865 0.541 32
Ethanol 0.810 1.0774 46
1-Propanol 0.799 1.938 60
2-Propanol 0.781 2.070 60

Pure pro-analysis grade methanol, ethanol, 1-propanol, 2-
propanol (Panreac) and bidistilled pure water were used in this
work. Their main physico-chemical characteristics are given in
Table 2 [17].

2.2. Determination of liquid uptake in the membrane

In order to determine the water–alcohol solution uptake, a
sorption study with Nafion membrane was performed by using
aqueous mixtures of methanol, ethanol, 1-propanol and 2-propanol
at different concentrations. The study was made using aqueous
methanol and ethanol solutions for the two other membranes
(MK40 and CR65). In this case, the investigation was not extended
to 1-propanol and 2-propanol since at the permeability study these
alcohols were not employed.

Before the experiments, the membrane samples were dried in
a vacuum oven at 100 ◦C during 24 h. After that, the samples were
weighed and then immersed in a close bottle containing a known
mass of the corresponding solution and allowed to equilibrate at
room temperature. After 48 h of immersion, the swollen mem-
branes were taken out of the solution, dried with filter paper and
weighed again. The liquid uptake degree, S, was calculated accord-
ing to the following formula:

S = mw − md

md
(1)

where mw and md are the masses of the swollen (dried with filter
paper) and dry membrane (dried in a vacuum oven), respectively.

The density of the solution in the bottle, before and after mem-
brane immersion, was measured in order to estimate whether a
component of the solution, water or alcohol, is preferentially sorbed
by the membrane. It was obtained that the results were repro-
ducible for all the membrane at any alcohol concentration.

2.3. Concentration change measurements

The experimental device is only briefly summarized here, since
it is similar to the ones used in previous works [18–20]. Basically,
the membrane was housed at a PTFE cell, consisting of two inde-
pendent chambers with an approximate volume of 10−4 m3, the
active membrane area was 25.3 × 10−4 m2. Two glass reservoirs of
capacity of 0.5 × 10−3 m3 were employed to contain the circulat-
ing solution in both chambers. Both, in the cell and in the glass
reservoir, temperature probes were introduced in order to con-
trol the temperature inside and outside the chamber. The solutions
were circulated between the cell and the reservoirs by means of a
peristaltic pump (Masterflex L/S model, Cole–Parmer).

Water was introduced in one reservoir and the water–alcohol
solution in the other one. When a temperature of 25 ◦C is achieved
in both chambers, the solutions were circulated through the cell.
The chamber that contained pure water was placed over a mass bal-
of the time could be measured. The accuracy in the mass measure-
ments was ±10−4 kg.

The density of the water–alcohol solution was measured in
the reservoir at the beginning and every hour during the exper-
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Table 3
Total liquid uptake by Nafion membrane as a function of the alcohol concentration
in aqueous methanol, ethanol, 1-propanol and 2-propanol mixtures.

Alcohol (wt%) Methanol Ethanol 1-Propanol 2-Propanol

10 0.36 0.44 0.85 0.81
ig. 1. Change in methanol concentration in the concentrated chamber with time
n Nafion membrane for the methanol–water solutions with different composition.

ment. The density of the reservoir that initially contained water
as measured at the beginning and at the end of the experiment.

he temperature of these samples was led to 20 ◦C and then the
ensity measurements were made using an AP Paar Density Meter,
odel DMA58, with an accuracy of ±10−2 kg m−3. As it is known,

he density of a water–alcohol solution varies with its composi-
ion, for that reason, it is possible to estimate the corresponding
lcohol concentration of the solution from the measured density
alues if the calibration curve of density-concentration is known. In
his work, the calibration curve has been determined from the data
ound in the literature for alcohol–water solution densities depen-
ence with the alcohol concentration in mixtures at 20 ◦C [21].
sing these curves, the alcohol concentration in the concentrated
hamber, which initially contained the alcohol–water mixture, was
etermined as a function of the time. Once the steady state condi-
ions were reached, the values were fitted to a straight line, whose
lope let us to calculate the concentration change rate. As an exam-
le, an illustrative plot is shown in Fig. 1, corresponding to a Nafion
embrane which is separating water and methanol–water solu-

ions with different initial methanol concentrations.
The alcohol permeability was obtained in accordance with

ick’s law equation for diaphragm-cell diffusion. Some assumptions
hould be made in order to apply the diagram-cell equation [22]:
1) The concentration polarization may be neglected when the solu-
ion is circulated between the cell and the reservoirs at both sides of
he membrane. (2) The difference of concentrations is responsible
or the alcohol flux across the membrane. (3) After an initial tran-
ient, the steady state conditions are reached since the volume of
he solutions is big enough in comparison with the membrane vol-
me. (4) The flux across the membrane achieves a pseudo-steady
tate in a very short period of time.

Bearing these assumptions in mind, the alcohol permeability
as obtained by using the following relationship [6]:

= dCal

dt

ValL

A(Cw − Cal)
(2)

here Cal is the alcohol concentration in the concentrated solu-
ion and Cw the alcohol concentration in the diluted solution, L the

embrane thickness, A is the active membrane area and Val is the
oncentrated solution volume.
.3.1. Determination of alcohol and water flux
The mass change in the diluted chamber, when the membrane

eparated two alcohol–water solutions was measured as a func-
ion of time. After a period of time, a linear relationship was found
20 0.40 0.94 1.54 1.56
30 0.45 1.08 1.96 2.00
40 0.52 1.68 2.18 2.50
50 0.64 1.79 2.24 2.37

that permitted us to obtain the total mass flux ˇ from the slope
of the corresponding straight line. This mass flux was due to two
contributions, alcohols flux, for diffusion, and water flux, for osmo-
sis. During each experiment, also the alcohol concentration in the
concentration chamber was also determined as a function of time.
A linear dependence between alcohol concentration and time was
found in all cases. Again, the linear dependence permitted us to
obtain the concentration change velocity, ˛ from the slope of the
corresponding straight line.

The individual fluxes of alcohol and water through the mem-
brane were estimated using data of ˛, ˇ and the initial mass in the
concentrated chamber. The method to determine the alcohol and
water flux through a membrane is similar to that described in a pre-
vious work [20]. The alcohol Ja and water Jw, fluxes were obtained
by means of the following expressions:

Ja = 1
100A

(c0
c ˇ + ˛m0

c ) (3)

Jw = 1
100A

(100ˇ − c0
c ˇ − ˛m0

c ) (4)

where c0
c and m0

c are the initial concentration and initial mass,
respectively, in the concentrated reservoir.

3. Results and discussion

3.1. Liquid uptake in the membrane

The liquid uptake values of the different alcohol solutions by a
Nafion membrane are shown in Table 3. The measure error was
always lower than 5% for the four alcohols. It is observed that
the liquid uptake for the different aqueous solutions increase in
the sequence: methanol < ethanol < 1-propanol ≤ 2-propanol. The
results seem to indicate that the liquid uptake by the membrane
is dependent, to a certain extent, to the viscosity of the solutions,
because the higher the solution viscosity, the higher the liquid
uptake. This effect may be caused by the formation of associates
of alcohol molecules with water molecules and with fixed groups
in the Nafion membrane. The formation of aggregates would be
more significant for alcohols with the higher viscosity. The results
are in agreement with those reported by other authors [14,23]. The
analysis of the variation of the composition of the water–alcohol
mixtures reveals that the alcohol uptake, in each case, by the mem-
brane is slightly larger than water uptake, however, the changes
are not significant. The higher sorption of alcohol compared to
water, could be explained attending to Nafion structure [24–26]. It
is known that some hydrophobic–hydrophilic separation appears
when the Nafion membrane comes into contact with a polar sol-
vent. Thus, water molecules are only at hydrophilic domains, while
the alcohol molecules can also be at certain extent in the hydropho-
bic fluorocarbon backbone.

For all the alcohol solutions, a significant increase of liquid

uptake is found when the alcohol content of the solution rises.
This behavior could be explained by the increase in wet membrane
porosity, which brings about the rising of the mobility of solvents
in membrane, beside the increase of the mobility of the polymer
pendant chain. An exception is the 2-propanol solution where the
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Table 4
Total liquid uptake by CR65 and MK40 membranes as a function of the alcohol
concentration in aqueous methanol and ethanol mixtures.

Water–methanol
Alcohol (wt%) 10 20 30 40 50
CR65 0.44 0.49 0.51 0.54 0.55
MK-40 0.49 0.45 0.43 0.42 0.44

Water–ethanol
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Alcohol (wt%) 10 20 30 40 50
CR65 0.60 0.63 0.64 0.64 0.62
MK-40 0.47 0.46 0.43 0.45 0.43

ptake values decrease at high alcohol concentration values. A sim-
lar behavior is also found to 2-propanol by Saarinen et al. [27]

ith Nafion 117 membranes. It is known that the particles interact
ach other forming associations and our results suggest that at high
nough alcohol concentration (that is the case for 2-propanol at 50%
oncentration) these associations could be bigger than the pores
f the membrane that are blocking the entrance to the polymer
atrix. This decrease could be also due to the confidence interval

f the measurement of the liquid uptake, which makes that the
btained values for 40% and 50% 2-propanol solutions appear to be
ifferent when in fact they are similar. In this case, there would not
e a decrease but it would reach an asymptotic value.

The obtained results for the other two membranes are shown
n Table 4. Unlike Nafion membrane, the dependence of CR65 and

K40 liquid uptake with the alcohol concentration results to be
ot very important. Except in the low alcohol concentration range,
he uptake values are lower for CR65 and MK-40 membranes than
or Nafion, specially in the case of ethanol solutions. This could
e explained because these membranes have a very low polymer
atrix swelling in water and alcohols [27–29], for that reason, the

mount of liquid within the membrane is determined by the degree
f swelling of the ion-exchange particles. It is also found that CR65
orption values are slightly higher than those of MK40. For CR65
embrane, a small increase of the liquid uptake is observed with

lcohol concentration, both aqueous methanol as ethanol mixtures.
t should be also noted that the density variation of the solu-
ion in the bottle, before and after CR65 membrane immersion,
as too small and within experimental accuracy. This means that
either water nor alcohol was preferentially taken by this mem-
rane. On the other hand, for the two alcohol solutions studied,
he MK40 membrane liquid uptake seems to be independent of
lcohol concentration. Moreover, the analysis of the composition
f the water–methanol and water–ethanol solutions reveals that
he water uptake was slightly larger than that of alcohol. However,
he composition changes are too small to see a clear trend. This
esult may be understood remembering that when a polar solvent
s taken, such as water and alcohols, the sorption depends on chem-
cal polarity of the solvent. Due to its higher polarity, the water

olecules interact more than alcohols molecules with the ion-
xchange particles. Furthermore, the alcohol molecules are more
ifficult to accommodate in the sorption sites than water particles
ue to their greater molecular size. These could be the reasons why
he water sorption is higher than that of alcohol for the MK-40

embrane.

.2. Liquid transport

The values of the permeability were obtained for the differ-
nt membrane systems as described in the experimental section.

he alcohol permeability coefficients in Nafion membrane are pre-
ented in Fig. 2, as a function of the solution composition for the
ifferent mixtures studied. The results show a very different behav-

or depending on the alcohol type. The methanol permeability is
ractically independent of methanol content of the solution. The
Fig. 2. Alcohol permeability coefficient through Nafion membrane as a function
of the alcohol concentration for aqueous methanol, ethanol, 1-propanol and 2-
propanol solutions. The solid lines are only visual guides to avoid confusion between
various symbols.

1-propanol and 2-propanol permeability decreases significantly
with its concentration from the lowest alcohol concentrations stud-
ied. For the ethanol case, the permeability values seem to be almost
constant until an alcohol concentration of approximately 40% to
decrease later. The obtained values for the methanol are in agree-
ment with those found at the literature [5,30–32]. As it was said,
Nafion is not-crosslinked membrane; therefore the size of ionic
clusters and hydrophobic regions may vary according to the solvent
[19]. This fact could account for the different behavior observed for
the water–alcohol solutions. The permeability decrease of ethanol
and propanol in the membrane may be explained by the existence
of bulky associations that appear when a certain alcohol concentra-
tion is achieved. The bulk association degree would be explained
attending to the viscosity coefficient value. Due to the larger values
of the viscosity of 1-propanol and 2-propanol compared to that of
water, as their concentration in the aqueous solutions is increased,
the viscosity rises significantly. This means that the particles inter-
act with other particles forming associations that would difficult
the solution transport through the polymer matrix. In contrast, as
the methanol viscosity is comparable or even smaller than that of
water, such effect is not found in their aqueous solutions, which
explains the constancy of the permeability of methanol over the
composition range studied. At ethanol solution, the viscosity effects
should be appreciated around 50% solution concentration when
their values are high enough. For 1-propanol and 2-propanol the
viscosity influence appears at any alcohol concentrations and its
effects are so strong that the permeability undergoes a remarkable
decrease. The 1-propanol and 2-propanol alcohols behavior is quite
similar since their viscosities are very similar as well.

In accordance with Eq. (2), when the alcohol permeability is esti-
mated, a negligible water flux through the membrane is assumed.
This water flux is driven by an osmotic pressure difference across
the membrane due to the different concentration of water in the
diluted and concentrated reservoirs. This water flux would go from
the diluted chamber (initially filled with pure water) to the concen-
trated chamber (initially filled with the water–alcohol solution at
a given composition). For the Nafion membrane, there are experi-
mental evidences showing that the water flux is negligible over the

composition range studied [6,30,31], which makes that the above
assumption is accepted, and the alcohol permeability can be cal-
culated. In contrast, it was found a water flux through both CR65
and MK40 membranes, which was experimentally evidenced by
a mass decrease of the liquid contained in the diluted chamber.
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Fig. 5. Fluxes versus weight alcohol percentages for a CR65 membrane. (�) Ethanol
flux, when the membrane is separating water and ethanol solutions. (�) Water flux

since the alcohol diffusion is the governing transport process in
ig. 3. Change in methanol concentration with time in the concentrated chamber
s a function of the methanol concentration in water–methanol solutions for Nafion
17, CR65 and MK-40 membranes. The solid lines are only visual guides to avoid
onfusion between various symbols.

his fact is related to the much larger hydraulic permeability of
hese membranes compared to that of Nafion [13], because the
smotic pressure difference is the same in all cases. Consequently,
n view of our experimental results, the approximation of negli-
ible water flux implicit in Eq. (2) cannot be done for CR65 and
K40 membranes. This means that the alcohol diffusion is not the

nly physical process that is governing the liquid transport in the
embrane, and the osmosis should be taken into consideration as
ell. In order to estimate qualitatively the alcohol diffusion through

he membrane, the concentration change with time is represented
n Figs. 3 and 4, for methanol and ethanol solutions, respectively.
t must be indicated that the measurements are made at slightly
ifferent alcohol concentrations for the two membranes and also
ifferent than in the case of Nafion. This is due to the same ini-
ial concentration it is not always possible to keep. It is found
hat the alcohol diffusion process is more important in the Nafion
embrane, because the temporal changes of the alcohol concen-
ration values are significantly higher than those corresponding to
he other two membranes, which is in agreement with the results
btained when the liquid uptake was estimated. Thus, at higher

ig. 4. Change in ethanol concentration with time in the concentrated chamber as
function of the ethanol concentration in water–ethanol solutions for Nafion 117,
R65 412 and MK-40 membranes. The solid lines are only visual guides to avoid
onfusion between various symbols.
when the membrane is separating water and ethanol solutions. (�) Methanol flux,
when the membrane is separating water and methanol solutions. (©) Water flux
when the membrane is separating water and methanol solutions. The solid lines are
only visual guides to avoid confusion between various symbols.

alcohol concentrations, Nafion becomes an even poorer alcohol bar-
rier, while CR65 and MK-40 are better barriers at any concentration.

Although the alcohol permeability cannot be calculated for CR65
and MK40 membranes using Eq. (2), alternatively the alcohol and
water fluxes through the membrane can be estimated using Eqs. (3)
and (4). The results are shown in Figs. 5 and 6 for CR65 and MK40
membranes, respectively. At a given alcohol concentration in the
solution, the water fluxes are slightly larger than alcohol fluxes for
both membranes. This fact indicates that, although the alcohol dif-
fusion through the membrane exists, the water osmosis is a bigger
transport process, although it is not significant to extract any sig-
nificant conclusions. It should be stressed that this is an important
difference between these CR65 and MK40 membranes and Nafion,
the last membrane. When the results obtained for CR65 and MK40
are compared major fluxes are found for the second one, in fact,
at methanol concentration lower than 40% no transport process is

Fig. 6. Fluxes versus weight alcohol percentages for a MK-40 membrane. (�) Ethanol
flux, when the membrane is separating water and ethanol solutions. (�) Water flux
when the membrane is separating water and ethanol solutions. (�) Methanol flux,
when the membrane is separating water and methanol solutions. (©) Water flux
when the membrane is separating water and methanol solutions. The solid lines are
only visual guides to avoid confusion between various symbols.
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bserved for CR65 membrane, for that reason in Fig. 5 the water
ux values are put on top methanol values.

. Conclusions

From the contributions of this research we should emphasize
wo points. On the one hand, the use of a great number of alcohols
imultaneously in order to analyze the uptake and permeability of
afion membrane. On the other hand, it deserves to underline that

here are no similar works concerning to the study of permeability
nd sorption parameters of 1-propanol and 2-propanol at Nafion
17.

For Nafion membrane, a significant increment of liquid uptake
as found when the alcohol content of the solution increases.
oreover, it seemed that alcohol is preferentially taken by the
embrane over water, for all the alcohol solutions. As a whole,

he uptake values calculated for CR65 and MK40 membranes were
ower than those obtained for Nafion. For CR65 a slow increase
ppeared when the alcohol concentration rises, also it was observed
hat neither water nor alcohol was preferentially uptaken by this

embrane. The MK40 membrane measures seemed to indicate that
iquid uptake was independent of alcohol concentration. For this

embrane it was found that water uptake was slightly larger than
hat of alcohol.

Nafion permeability measures showed that the behavior of
ethanol solutions was different from the other alcohols. Whereas
ethanol permeability remains constant with the methanol con-

ent, for ethanol, the values are also independent of alcohol
oncentration until a given concentration is achieved. For ethanol
oncentrations higher than 40% the permeability decreases. At the
ther two alcohols, the permeability decreased at any alcohol con-
entration studied. The different alcohol behaviors were explained
ttending to associative effects. The particles could interact with
ther particles forming associations that would make difficult the
olvent transport through the membrane. At CR645 and MK40
embranes the alcohol diffusion was not the only physical pro-

ess that was governing the liquid transport through the membrane
nd the flux of water could not be neglected. The alcohol and water
uxes through the membrane could be obtained turning out that
he water flux was always greater than alcohol flux. It could mean
hat the osmosis is more important than alcohol diffusion at those
inds of membranes.
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